—— MOSE

Molecular Simulation Engineering

¢ Universita degli Studi di Trieste

www,units. it Tel, +39-040,552, 7111 Piazzale Europa, 1 I-34127 Trieste, ITALLA

% & % 1%
1% %

N




{815 univers degi sru i Treste

| . |
&
® - )
$ 1"
-1 0
& |
|
) |
1 2
&
| .
))+ 0 3 "4
® - I ! 5
111666
® 758
)5 | 5 %) # 9%:
((-$ -

‘0

(R

“MOSE

enabling innovation




MOSE

[ _ L . q . ) Molecular Simulation Engineering
B B B
=25 Universita degli Studi di Trieste el

ww w.units. it Tel, +39-040,558.7111 Piazzale Europa, 1 I-34127 Trieste, ITALIA

# . 1 %) #2

%

/R

@

- " .

;! -) <0= >
4 " # S

-+ ) % (%?9 %0(

- )# @

/ 0'A: .
%)# 5 @'%( 0! (

((-$ - ‘() (*+! 9



enabling innovation

e
AER: Universita degli Studi di Trieste

=" www. units.it Tel. +39-040.558.7111 Piazzale Europa, 1 I-34127 Trieste, ITALLA

-+ )H @ .

Id COObjectBase
N :
COldBase COThermoMaterialObj COSpecBase
CORealSpec COlntegerSpec
COOptionSpec
COUnitBase COUnitPort COUnitCollectionBase COUnitParameter
COUnit Another COSimpleUnit Another
Simple Implementation Collection Implematation
SimpleParam SimplePort
MyUnit1 Collection Collection
Option Integer
MyUnit2 Material Another Paramete Parameter
Port PortType
RealParameter

MyUnit3

((-$ - ‘() (*+! B



—MOSE

- & . d- T . Molecular Simulation Engineering
ql Ud' I I IESte enabling innovation

=" www.units.it Tel. +39-040,558.7111 Piazzale Europa, 1 I-34127 Trieste, ITALIA

-+ )¢ @ /
[ L — = B N T )

Generation Complete
Seirom oo (8 gensaled

O it

W Save Frofles
o Clpen Soursss

Wirset i Ak
IV (A a1 el i sy’

et Fmsi | e

(-8 - (O (G



MOSE

SAEZ Universita degli Studi di Trieste e
ww w,units, it Tel, +39-040,558,7111 Piazzale Europa, 1 I-34127 Trieste, ITALIA
f
1V

- " .

;! -) <0= >
4 " # S

-+ ) % (%?9 %0(

- )# @

/ 0'A: .

%)# 5 @'%( 0! (
® % & ( ! " #

-+ ), %(

& (! "3
# 5 @9%:<!'> 0! "((* <! >

0! A'((* "OCH#
(-5 - (O (GEI



- ‘:_ | Studl dl Tneste Molecular Simulation Engineering

enabling innovation
nits. it Tel. +39-040,558,7111 Piszzale Europa, 1 134127 Trieste, ITALIA

l OC#

«0C

oOC# ! I . 0!
"

0! ! P
0! ! 5@ !
/ 18 " 14

/R

- F G ! S @ 0 3H

((-$ - ‘() (*+! D



- wl StUdI dl Tﬂeste enabling innovation
" itz it Tel, +39-040,5558,7111 Piazzale Europa, 1 I-34127 Trieste, ITALLA

75 <!l >< >

% % "

- + ) |
l% $ 1"

- FIG I

/R

= (ORI (G




N
N

(-8 - ‘0 e 2




N
N

(-8 - L0 2N (G




((-$ -

N
N

14

LO R (G B




g
1V
® 5 I # !
I<K [IL K L KAL>
® "l ! " H
! . !
® $ I J "1l !
M N O
MN ! O
4%
& # | ! !
FH " I G

(s O e



N
N

((-$ - ‘() (+! 9




((-$ -

N
N

‘0

(©+! B




N
N

((-$ -

@

0!

(*
|

‘0

(G




S

@ -0 11 !

Y% -

% -

9% - < >
& | | " "FO! G
& - 1l  <C >

#

(% - 0 e



@ # | 5"
|
@ - | "
| |
5 |
#75
I "8

((-$ -
‘0 ¢+ D




ON

0 .
C/< /0, >
®H# -+ )<> <>
® %: @ ! <"
6> !
® %: | @ '%; < P >
0! | %)# > 0o)# | !
2 5 | C
6>
® 0; 5] -+ )#E @ 'W(

)5 ! -+ ) %) # ,%(

((-$ -

% ;

‘0

'((* +1 %




% : N

((-$ -

N
N

‘0

©+r 2




N
N

(-8 - L0 (G




O!

¥,
@ 0! IN
I 1<-%)# - %) # |/ 5!
<  #1 # 4>
0! <
A > F G
' 1/ 511 31
|
@ 0| N
F7r! G F |
F$! G F 1 50!
@ 666>
#115 5
) NO! '((* !
%)# 5 @ 9%:>

((-$ -

L/

/

3 < 0

‘0

¢+

| 4>




-+ ) %) #

N

® -+ ) %) #! 0! "((*
S+
-+ )0! '
+ )# @

& -+ )  %)#5 |

(-8 - (O (G




N
N

(s O (e




- )5 .

N
N

(s O+ B




- )5%

N
N

(-8 - (ONEE (G




N
N

(-8 - O (G




N
N

(s O e+l




Environment

« | !

Economy

[1D ]

SR 0 e



N
N

Global Warming
Potential
(GWP)

Global
Atmospheric

Acidification
Potential
(AP)

% +

)** )

Fermeglia M., Longo, G, Toma L., AIChE J, 2008, in

(-8 -

Environmental
Impact
Categories

press

Ozone Depletion
Potential
(ODP)

Photochemical
Oxidation
Potential
(PCOP)

Human Toxicity
Potential by

Ingestion
(HTPID)

Human Toxicity
Potential by
Inhalation and

> Potential

Dermal Exposure
(HTPE)

Aquatic Toxicity

(ATP)

Terrestrial

‘0

»| Toxicity Potential

(TTP)

(R



Fermeglia M., Longo, G, Toma L., AIChE J, 2008, in

((-$

Data regarding

(Process Simulator]

»| Unit Operatio
k Modules

streams

Types of
streams
v

v

Process output
stream containing
the main product

Process output
stream containing
salable co-products

v
Process input
stream

Process waste
stream

A

A

Mass flow rate

CAPE OPEN

( Database )

n

<

Data regarding the
substances involved in
the process

A 4

Substances

name

Additional data
introduced on
the interface

CAS-Number

( Substances )

isk Phrases
for each
substance

\ Framework |

A A

( 3D indicators )

A

A
Material _Energy
intensity intensity

Potential

evaluation

!

chemical risk ||environmental impact

Potential

evaluation

A

1D indicators )

{3l

Waste Reduction
(WAR)
Algorithm

v

press

OB (G




-
\V
Blomass Pre Gas l
> — e
| treatment Gasification |—> Clean-up —>| Reforming Burner \
A A T
— | 7/
- 2+ v v
Water ‘L
———| Evaporator (—
An. | Cath.
Air/Oxygen v
—>| Preheating |7

~ |

Compr

A\ 4

Turbine

Co generation —

T

\

A

12/ - .2 123 0 ) *2

(% - ') (+! 9,



N
N

(s 0 (e




N
N

12/ - .2 123 0 ) *2
(% - ') ((x+!1 99




®

N
N

(% - ') ((*+! 9B




(-8 -

' N

Fortran Code

MCFC CAPE-OPEN Unit

Parameters
Aspen+ Aspen+ PROI/II COFE

Anode output
Temperature, K 920.1 920.1 920.136 920.134
Pressure, Pa 349963 349963.144 349962.94 349964
Flowrate, mol/s 49 48 48 48.0089
Component Mole Fraction

Carbon Dioxide (CQ 0.568 0.572 0.568 0.567692
Water (HO) 0.307 0.309 0.307 0.306783

Nitrogen (N, 0.005 0.005 0.005 0.00489348

Methane (CH) 0.011 0.002 0.011 0.0105079

Carbon Monoxide (CO) 0.054 0.055 0.054 0.054224%
Hydrogen 0.056 0.056 0.056 0.0558775
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Fortran Code

MCFC CAPE-OPEN Unit

Parameters
Aspen+ Aspen+ PROI/II COFE

Cathode output
Temperature 948.2 948.2 948.218 948.215
Pressure 349344 349343.963 349344 349344
Flowrate, mol/s 423 423 423 422.857
Component Mole Fraction

Carbon Dioxide (CQ 0.074 0.074 0.074 0.0741078

Water (HO) 0.097 0.097 0.097 0.0968012

Nitrogen (N, 0.704 0.704 0.704 0.704152

Oxygen (Q) 0.125 0.125 0.125 0.124934
Energy Output, Watts -2,340,693.5% -2,339,414.08 -2,340,692.58 -2,340,693.54
Solid Temperature, K 924.7568 924.8598 924.7586 924.7568
Percent Fuel Consumption 74.4672861 75.4728518 75.4673038 75.46723855
MCFC Performance 41.9675214 41.944580F7 41.9675160 41.9675210
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Fortran Code MCFC CAPE-OPEN Unit
Parameters
Aspen+ Aspen+ PROI/II COFE
Energy Output, Watts -2,340,693.5% -2,339,414.08 -2,340,692.58 -2,340,693.54
Solid Temperature, K 924.7568 924.8598 924.7586 924.7568
Percent Fuel Consumption 74.4672861 75.4728518 75.4673038 75.46724855
MCFC Performance 41.9675214 41.944580F 41.9675160 41.9675210
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